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This  paper  presents  preliminary  research  on  ocean  renewable  energy  (ORE)  in  Southeast  Asia  (SEA).  It 
gives  an  overview  of  the  ORE  status  of  the  region  in  terms  of  its  potential  and  existing  policies  that 
support  the  utilization  of  ORE  as  an  alternative  source  of  energy.  The  study  argues  that  there  is  potential 
to  harness  ORE  in  this  region;  however,  there  are  a  number  of  challenges  to  fully  utilize  this  potential. 
This  work  presents  (1)  collated  ORE  resource  information,  (2)  collated  policies  relevant  to  increase 
uptake  in  the  region,  and  (3)  an  ORE  development  matrix  which  is  important  for  analyzing  the  gaps  in 
utilizing  ORE  in  SEA.  A  review  discussion  on  the  unique  conditions  of  SEA  in  terms  of  resource  and  ORE- 
relevant  policies  are  tackled.  Special  attention  is  given  to  existing  policy  frameworks  and  regional  non¬ 
economic  barriers  to  see  how  these  could  impact  the  development  of  ORE  in  SEA. 
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1.  Southeast  Asia  and  ocean  renewable  energy 

Around  the  world,  there  has  been  an  increasing  search  for 
“clean,  socially  acceptable  methods  of  generating  power”  [1].  This 
is  because  of  two  interrelated  factors:  (1)  the  global  demand  for 
electricity,  which  is  expected  to  increase  in  the  next  20  years,  and 
(2)  the  commitment  of  different  countries  to  reduce  their  C02 
emissions  in  the  same  time  frame.  Some  of  the  efforts  made  and 
being  made  by  countries  to  increase  the  share  of  renewable  energy 
in  their  energy  mix  include  the  setting  of  feed-in-tariffs  (FITs). 
While  FITs  are  targeted  at  wind  energy  and  solar  energy,  “the 
generation  of  electricity  from  waves,  tidal  currents  and  tides  has 
received  renewed  interest.”  [1] 

There  are  different  forms  of  ocean  energy  -  “tidal  and  currents, 
waves,  salinity  and  thermal  gradients”  [4,5],  Tidal  energy  from  the 
motion  of  tides  can  be  harnessed  for  electrical  energy  [6],  The 
potential  of  tidal  energy  is  dependent  on  the  intensity  of  water 
level  height  ranges  or  tidal  current  velocities  and  thus,  the  greater 
intensity  will  yield  higher  electricity  generation  [7],  Kinetic  and 
potential  energy  associated  with  ocean  waves  can  be  harnessed  at 
onshore  or  offshore  sites  using  different  wave  energy  converter 
technologies  [5,6],  Salinity  gradient  energy,  as  a  result  of  fresh 
water  mixing  with  seawater  at  the  mouth  of  rivers,  can  be 
exploited  by  pressure-retarded  reverse  osmosis  process  and  asso¬ 
ciated  conversion  technologies  [5].  The  temperature  gradient 
between  the  sea  surface  and  deep  water  can  result  in  thermal 
energy,  which  can  be  harnessed  using  ocean  thermal  energy 
conversion  (OTEC)  processes  as  well  [5], 

It  is  noteworthy  that  the  majority  of  ocean  renewable  energy- 
related  installations  are  located  in  Europe  and  Canada.  In  recent 
years,  China  and  South  Korea  have  also  been  tapping  the  potential 
of  their  ocean  renewable  energy  resources  [8]. 

Ocean  renewable  energy  (ORE)  has  tremendous  global  poten¬ 
tial  (shown  on  the  top  portion  of  Fig.  1).  A  number  of  ORE 
utilization  and  conversion  technologies  have  reached  pre¬ 
commercial  stages  (shown  on  the  lower  left  of  Fig.  1 ).  Many  wave 
and  tidal  energy  conversion  technologies  have  been  developed 
since  the  past  decade  especially  in  Europe  due  to  a  huge  drive  to 
develop  the  marine  renewable  energy  industry.  The  progress  of 
each  of  the  technologies  classified  per  resource  type  has  varied 
during  the  past  years  [8],  Tidal  Barrages  have  been  used  commer¬ 
cially  in  France  since  1966,  in  Canada  since  1984,  and  in  Korea 
since  2011.  Tidal  barrages  can  reach  up  to  80%  energy  conversion 
efficiency  [8],  The  conversion  devices  for  Tidal  In-Stream  Energy 
(T1SE),  energy  from  tidal  currents,  have  learned  a  lot  from  offshore 
wind  and  thus  the  rate  of  development  has  been  somewhat 
accelerated  the  past  decade.  Water-to-Wire  energy  conversion 
efficiencies  for  tidal  devices  are  typically  from  25%  to  40%. 
Wave  energy  technologies  are  a  bit  more  spread  out  in  terms  of 
design  (i.e.  point  absorbers,  oscillating  water  column,  shore-based, 
offshore,  etc.).  Thus,  the  cost  estimates  are  also  spread  out 
(i.e.  the  uncertainty  band  is  wide)  (Lewis  et  al.,  [10-11]  Si  OCEAN). 
Ocean  Thermal  Energy  Conversion  (OTEC)  is  a  technology  that  is 
relatively  expensive  in  terms  of  capital  cost  but  is  somewhat 
more  ‘base  load-appropriate’  than  wave  or  tidal  when  it  comes 


to  energy  production.  Salinity  Gradient  technologies  are  still  in 
the  early  phases  of  technology  demonstration  and,  to  date,  only 
low-end  kW  scales  have  been  achieved  but  the  development  is 
accelerating  [10,8],  The  challenges  of  each  technology  type  for 
harnessing  ORE  have  been  discussed  in  detail  by  Mueller  and 
Wallace  [12]. 

Although  the  estimates  have  begun  to  be  more  reliable  and 
accurate  this  past  few  years,  since  the  number  of  deployments 
have  increased,  there  are  still  costs  that  can  be  shaved  off 
especially  those  that  pertain  to  support  structures  (cost  contribu¬ 
tion  ~30%  for  wave  and  ~15%  for  tidal),  installation  (cost 
contribution  ~5%  for  wave  and  ~25%  for  tidal),  operation  and 
maintenance  (cost  contribution  ~15%  for  wave  and  ~20%  for 
tidal)  [11].  The  levelized  cost  of  energy  (LCOE)  for  tidal  systems 
range  from  ~32c/l<Wh  to  ~37c/kWh  and  for  wave,  the  LCOE 
ranges  from  ~41c/kW  h  to  ~52c/kW  h  (at  12%  discount  rate)  [11], 
The  regional  conditions  in  Southeast  Asia  such  as  “rapid 
economic  growth,  increasing  energy  demand,  rising  fossil  fuel 
imports,  growing  environmental  pressures,  low  rural  electrifica¬ 
tion  levels,  and  heavy  reliance  on  fossil  fuels  and  traditional 
biomass”,  as  mentioned  by  International  Energy  Agency  (1EA) 
[7],  are  favorable  for  renewable  energy.  Although  natural  energy 
resources  vary  significantly  among  Southeast  Asian  countries,  the 
substantial  amount  of  renewable  energy  available  in  the  region  is 
not  much  utilized  yet  [13  .  One  of  the  renewable  energies  that  is 
relatively  significant  in  the  region  is  ocean  renewable  energy  [14], 
There  are  a  number  of  on-going  studies  and  activities  that  suggest 
the  potential  for  utilization  of  ocean  renewable  energy  in  Southeast  Asia 
(Fig.  2)  [15-28],  This  paper  discusses  the  current  status  of  ocean 
renewable  energy  in  Southeast  Asia.  Specifically,  it  looks  at  the  potential 
of  ocean  renewable  energy  and  the  existing  policies  related  to  ocean 
renewables  in  each  country.  This  paper  addresses  the  following 
questions: 

(1)  Is  there  really  a  potential  for  ocean  renewable  energy  as  an 
alternative  source  of  energy  in  Southeast  Asia? 

(2)  What  are  the  challenges  to  the  development  and  deployment 
of  ocean  renewable  energy  in  the  region? 

(3)  What  efforts  are  being  made  by  countries  in  Southeast  Asia  to 
increase  the  utilization  of  ocean  renewable  energy  in  the 
region? 


This  work  makes  use  of  both  preliminary  and  secondary  data 
in  presenting  the  current  status  of  ocean  renewable  energy  in 
Southeast  Asia.  The  data  are  collated  from  past  and  recent  studies 
on  ocean  renewable  energy  in  Southeast  Asian  countries.  The 
authors  also  interviewed  ocean  renewable  energy  experts  in  the 
region  for  this  study. 

This  work  presents  the  review  of  each  country's  energy  status 
(energy  mix,  growth,  etc.),  a  review  and  summary  of  the  ORE 
resource  data  in  the  region,  a  collation  of  renewable  energy 
policies  relevant  to  the  uptake  of  ORE  in  SEA,  and  an  ORE 
development  matrix  which  is  relevant  to  analyzing  the  gaps  in 
utilizing  ORE  in  Southeast  Asia. 


Number  of  Systems 
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Fig.  1.  Global  Status  of  Ocean  Renewable  Energy:  resource  [2]  (top),  technology  [3]  (left)  and  projects  [100]  (right). 
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2.  Overview  of  energy  in  Southeast  Asia 

According  to  analysts,  the  ASEAN  region  has  an  energy 
“trilemma”  [29],  A  study  by  National  University  of  Singapore 
highlighted  that  “each  member  country  needs  to  deliver  on 
energy  security,  economic  growth  and  development  in  an 
environmentally-sustainable  way”  [29],  Currently,  a  small  portion 
of  energy  generated  in  the  region  comes  from  renewable  energy 
while  energy  from  fossil  fuels  occupies  74%  of  total  energy  mix 
[29],  The  remaining  energy  mix  consists  of  combustible  biomass 
and  waste  (22%);  geothermal  (3%);  and  hydro  (1%)  [29].  Apart  from 
energy  from  fossil  fuels,  the  “traditional,  inefficient  and  environ- 
mentally-unsustainable”  biomass  energy  (such  as  firewood;  char¬ 
coal)  is  having  the  second  major  share  of  total  energy  mix  in 
ASEAN  countries  [13], 

Fig.  3  shows  the  collated  data  regarding  the  reliance  of  different 
SEA  countries  to  oil  and  gas  as  their  primary  source  of  energy.  This 
figure  is  generated  by  the  authors  from  different  reports  on  energy 
mix  by  each  Southeast  Asian  country.  A  collation  of  the  individual 
energy  mix  of  each  SEA  country  is  shown  in  Fig.  4. 

Based  from  the  data  gathered,  among  the  Southeast  Asian 
countries,  Brunei,  Singapore  and  Malaysia  are  most  dependent 
on  energy  from  gas  as  their  primary  source.  Brunei  produces 
163,000  barrels  per  day  and  is  the  third  largest  oil  producer  in 
Southeast  Asia  [30],  Similar  to  Malaysia,  the  energy  mix  of 
Singapore  largely  depends  on  electricity  generation  from  natural 
gas  [31].  In  2011,  Malaysia's  primary  energy  supply  from  natural 
gas  stood  at  35,740  ktoe  [32], 

In  Cambodia,  Indonesia,  the  Philippines  and  Thailand,  the 
majority  of  the  fuel  mix  is  from  oil.  Although  Cambodia  heavily 
relies  on  imported  electricity  (41%),  54%  of  energy  still  comes  from 
the  heavy  fuel  oil  [33],  The  primary  energy  of  Indonesia  also  comes 
from  oil  [34]  followed  by  coal  although  interestingly,  its  energy 
mix  includes  renewable  energy  (such  as  hydro  power).  The 
Indonesian  government  has  taken  steps  to  promote  the  use  of 
renewable  energy  which  includes  biomass,  geothermal,  solar 
Photovoltaics  (PV),  solar  thermal  and  wind  [34].  Oil  is  the  largest 
fuel  component  in  the  Philippines'  energy  mix.  However,  similar  to 
Indonesia,  renewable  energy  forms  a  substantial  portion  of  Phi¬ 
lippines'  energy  mix.  The  combined  share  of  renewable  (geother¬ 
mal,  biomass,  solar  and  wind)  was  around  41%  in  2011  [35], 
Thailand's  primary  energy  supply  is  mostly  from  fossil  fuels,  oil 


and  natural  gas  and  they  are  the  second  largest  oil  importer  in 
Southeast  Asia  behind  Singapore  [36], 

Vietnam,  Laos  and  Myanmar's  main  source  electricity  varies 
from  the  rest  of  the  Southeast  Asian  countries  [37-39],  Biomass 
takes  up  majority  of  their  energy  mixes.  Vietnam's  biomass  is 
almost  1/3  of  its  energy  supply  [39].  As  for  Lao  PDR,  61.4%  of  its 
energy  mix  is  from  “other”  energy  which  is  mainly  biomass  [37], 
Among  the  countries  in  the  region,  Myanmar  is  the  least  depen¬ 
dent  on  oil  and  gas.  69.9%  of  its  primary  energy  supply  is  from 
biomass  like  fuel  wood,  agricultural  waste  and  charcoal.  18.2%  is 
from  natural  gas,  and  8.5%  is  from  oil.  Coal  and  hydropower  has  a 
small  share  of  0.9%  and  2.4%,  respectively  [38], 

Although  most  of  the  Southeast  Asian  countries  area  still  depen¬ 
dent  on  traditional  sources  of  energy  which  are  oil  and  gas,  the  region 
is  “waking  up  to  the  potential  of  renewable  energy  and  energy 
efficiency”  [40],  SEA  countries  have  rich  potential  in  geothermal,  wind 
and  solar  energy.  Being  surrounded  by  bodies  of  water,  the  region  is 
also  being  studied  to  assess  the  utilization  of  ocean  renewable  energy 
as  its  alternative  source  of  energy.  Aside  from  the  region’s  geographical 
location,  a  number  of  private  firms  are  interested  to  invest  in  renew¬ 
able  energy,  which  could  mitigate  climate  change  by  reducing  green¬ 
house  gas  emissions  [41  ].  Government  policies  throughout  the  region 
are  increasingly  favoring  renewable  energy  and  the  environment  [40]; 
although  some  factors  are  still  be  taken  into  consideration  to  max¬ 
imize  its  full  potential  in  the  region. 

3.  Ocean  renewable  energy  potential  in  resource  in  the 
Southeast  Asian  region 

This  section  presents  collated  data  from  various  sources  con¬ 
cerning  the  ORE  resource  of  SEA.  Most  of  the  Southeast  Asian 
countries  have  data  available  to  be  studied  and  analyzed  for  ocean 
renewable  energy  (except  for  Lao  PD R  as  it  is  a  land-locked 
country.) 

3.3.  Brunei  Darussalam 

In  2011,  Malik  [18]  surveyed  potential  renewable  energy 
sources  for  Brunei  including  solar,  wind,  ocean  and  biomass.  He 
concluded  that  although  there  is  potential  for  wave  energy,  it  may 
not  be  economically  viable.  Brunei  is  seen  to  still  rely  on  fossil 


Fig.  3.  Collated  data  on  SEA  countries  Reliance  on  oil  and  gas. 
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fuels  until  2030  because  alternative  sources  of  energy  have  not 
been  able  to  address  the  high  demand  [42], 

3.2.  Cambodia 

Based  on  the  gathered  data,  Cambodia's  annual  tidal  range  is 
not  suitable  for  commercial  tidal  energy  extraction  at  present  [33], 

3.3.  Indonesia 

Like  Malaysia,  Indonesia  has  conducted  a  series  of  studies  on  its 
ocean  renewable  energy  potential.  According  to  Indonesian  Ocean 
Energy  Resources  ratified  by  the  Indonesian  Ocean  Energy 

Brunei  (2008)  [25] 


Association  (INOCEAN),  theoretically,  there  is  a  resource  of 
57  GW  for  OTEC,  160  GW  for  tidal  current  and  510  GW  for  ocean 
wave  [43],  In  practice,  there  is  43  GW  for  OTEC,  4.8  GW  potential 
for  tidal,  and  1.2  GW  for  ocean.  INOCEAN  has  identified  suitable 
sites  for  tidal,  wave  and  ocean  thermal,  as  well  as  provided  the 
estimates  mentioned  above.  The  Fig.  5  shows  the  potential  sites  as 
identified  by  INOCEAN  [43], 

As  for  tidal-in-stream  energy  resources  in  Alas  Strait  in  Indonesia, 
the  total  extractable  energy  is  329.299  GW  h  per  yr  at  water  depth 
ranges  from  24  to  40  m,  with  peak  flow  rates  of  around  2  m/s.  With 
the  future  floating  marine  current  turbine  (MCT)  scenario,  the  tidal 
turbine  arrays  at  water  depth  ranges  from  8  to  24  m,  yield  the  total 
tidal  energy  potential  of  641.622  GW  h  per  yr  [44,45], 

Cambodia  (2011)  [28] 
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Indonesia's  coastline  is  estimated  to  have  potential  ocean 
energy  of  10-35  MW  per  kilometer.  Currently,  the  ocean  current 
system  in  the  Lombok  Strait  is  one  demonstration  project  that  has 
been  developed  for  ORE  in  the  country  [46], 

3.4.  Malaysia 

Malaysia  has  intensive  studies  on  ocean  renewables.  In  2006, 
Yaakob,  et  al  [19]  analyzed  existing  oceanographic  data  for 
Malaysia  and  determined  the  potential  and  suitability  of  ocean 
thermal  energy,  tidal  energy,  wave  energy,  marine  current  and 
salinity  gradient.  Upon  considering  the  existing  models,  they 
concluded  that  Malaysia  has  less  potential  for  ocean-derived 
renewable  energy  as  compared  to  other  locations.  Fig.  6  describes 
the  ocean  wave  in  Malaysia.  It  shows  low  waves  which  height 
averages  at  1  m. 

Mirzaei  et  al.  [47]  has  studied  the  wave  energy  potential  along 
the  east  coast  of  Peninsular  Malaysia  and  the  findings  showed  that 
the  annual  average  wave  power  for  selected  sites  in  the  northern 
section  of  the  coast  is  between  2.6  and  4.6  kW/m  and  those  of  the 
southern  section  range  between  0.5  and  1.5  kW/m.  This  corre¬ 
sponds  to  the  waves  with  significant  wave  height  between  1  and 
3  m  and  wave  period  of  6-9  s  for  the  northern  section  and  the 
southern  section  of  the  coast  having  significant  wave  height  of 
1-2  m  and  wave  period  of  7-9  s  respectively  [47], 


However,  in  2010,  Lim  and  Koh  [21]  has  identified  potential 
sites  for  tidal  energy  extraction  which  were  expected  to  generate 
14.5  GW  h/yr.  In  Sabah,  tidal  energy  potential  was  estimated  at 
8188  GW  h/yr  from  Kota  Belud  and  386  GW  h/yr  from  Sibu.  This  is 
a  small  fraction  of  the  energy  demand  but  it  still  poses  a  possible 
solution  to  the  energy  shortage  [48],  The  Malaysian  western 
coastline  has  access  to  the  Straits  of  Malacca  which  has  a  great 
potential  for  marine  renewable  energy  extraction  because  of  its 
average  tidal  current  speed  of  2  m/s  (4  knots)  [49], 

In  fact,  Universiti  Teknologi  Malaysia  (UTM)  has  recently 
launched  an  OTEC  Centre  based  in  Kuala  Lumpur  but  it  would  be 
eyeing  Sabah  as  a  field  of  its  research  and  study.  1200  m  depth  is 
found  within  125  km  distance  from  the  shore  and  the  bottom 
temperature  is  about  4  °C  at  1200  m  water  depth  [20], 


3.5.  Myanmar 

No  extensive  studies  on  the  ocean  renewable  energy  resources 
have  been  done  in  Myanmar  yet.  However,  Myanmar  has  several 
sites  having  some  of  the  largest  tidal  range  in  Southeast  Asian 
Region,  with  semi-diurnal  tides  of  5-7  m  range  suitable  for 
economic  electricity  generation  [50],  For  instance,  Elephant  Point 
on  the  Gulf  of  Martaban  has  mean  high  water  spring  tides  of  6.6  m 
and  can  be  estimated  to  yield  4.9  W/m2  energy  potential,  by  using 


MA.J.R.  Quirapas  et  al.  /  Renewable  and  Sustainable  Energy  Reviews  41  (2015)  799-817 


805 


Average  Tidal  Energy  Potential  Equation  [51] 

Average  Tidal  Potential  Energy  Extractable(Watts)  =AR2g/2T 

[where,  p=Density  of  water;  A  =  Barrage  surface  area  (m2); 
R=Tidal  range  (m);  g=Acceleration  due  to  gravity  (m/s2)  and 
T=Tidal  period  (s)[ 


Large  amplitude  tidal  ranges  are  also  associated  to  strong  tidal 
currents  occurrence  at  ebb  and  flood  tides.  Yangon  River,  on  which 
the  main  port  of  Myanmar  is  situated,  is  known  to  have  tidal 
currents  of  4-6  knots  (2-3  m/s)  during  spring  tides  [52], 

By  analyzing  global  wave  energy  data,  Myanmar  has  5-10  kW/m 
Annual  Mean  Exploitable  Wave  Energy  Resource  [53]  along  the 
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coastline  of  about  2300  km  [25],  which  would  translate  to  11.5-23  GW 
potential. 

There  are  two  significant  fresh  water  supplies  at  the  entrance  of 
Gulf  of  Martaban  and  Andaman  Sea  by  Irrawaddy  River  and  Than 
Lwin  (Salween)  River,  two  largest  rivers  in  Myanmar,  which  would 
be  suited  for  Salinity  Gradient  Power  Production.  Irrawaddy  River, 
the  largest  river  in  Myanmar  has  annual  discharge  rate  of 
486  km3/yr  ( ~  15,400  m3/s)  while  Than  Lwin  (Salween)  River, 
the  second  largest  river,  has  annual  discharge  rate  of  211  km3/yr 
(~6700m3/s)  [54],  Based  on  EU  OEA  (European  Ocean  Energy 
Association)  estimated  Potential  Energy  Conversion  Rate  of 
2.6  MW/m3/s  fresh  water  mixing  with  seawater,  Irrawaddy  River 
yields  35.1  GW  and  Than  Lwin  (Salween)  River  yields  17.42  GW 
from  Salinity  Gradient  Energy  Theoretical  Potential  [55],  A  study 
by  Yale  University  shows  that  the  highest  extractable  work  in 
constant  PRO  (Pressure  retarded  Osmosis)  with  a  seawater  draw 
solution  and  river  water  feed  solution  is  0.75  kW  h/m3,  [56]  which 
would  yield  41.58  GW  by  Irrawaddy  River  and  18.05  GW  by  Than 
Lwin  (Salween)  River.  The  salinity  content  of  seawater  was 
reported  to  be  having  34  ppt  (g/L)  at  Bay  of  Bengal  and  33  ppt 
(g/L)  at  Andaman  Sea  [57]. 

The  Bay  of  Bengal  in  Myanmar  has  deep  waters  more  than  1  km 
range,  which  is  desired  for  Ocean  Thermal  Gradient  Energy 
Conversion  (OTEC).  According  to  NREL's  (National  Renewable 
Energy  Laboratory  of  the  United  States)  Ocean  Energy  Technology 
Overview  information,  temperature  difference  between  sea  sur¬ 
face  and  depth  of  1000  m  in  Myanmar  Waters  is  in  the  range  of 
20-22  °C  [58], 

3.6.  Philippines 

The  potential  of  ocean  energy  in  the  Philippines  is  estimated  at 
170,000  MW  (150  GW  by  Mindanao  State  University  then  170  GW 
update  by  Philippine  Department  of  Energy)  according  to  a  study 
by  the  Mindanao  State  University  [59],  In  1988,  a  study  by  Uehara, 
et  al.  [22]  from  Japan  proposed  a  design  for  OTEC  power  plants  in 
the  Philippines.  They  analyzed  ocean  temperature  profiles,  identi¬ 
fied  potential  sites  and  estimated  construction  costs.  In  November 
1996,  a  UNDP-assisted  project  by  OCEANOR  visited  coastal  areas  in 
Batanes  Islands,  Cagayan,  Polilio  Islands  in  Aurora  and  Bolinao  to 
assess  the  potential  of  ocean  energy  systems  such  as  wave, 
current,  tidal  and  OTEC  in  the  Philippines  [60],  In  1997,  the 


Philippine  Government  and  Blue  Energy  Engineering  Company  of 
Canada  came  to  an  agreement  to  construct  a  2200-MW  tidal 
power  plant  in  the  San  Bernadino  Strait.  The  structure  designed  to 
withstand  typhoon  winds  of  150  mph  and  tsunami  waves  of  7  m 
will  be  a  four-kilometer  tidal  fence  consisting  of  a  series  of  Davis 
turbines  [23,61]. 

Shown  in  the  Fig.  7  are  potential  sites  for  harnessing  marine 
renewable  energy  (tidal  in-stream  energy)  on  the  left,  wave 
energy  at  the  center,  and  OTEC  on  the  right.  Researchers  from 
the  University  of  the  Philippines  (UP)  and  Nanyang  Technological 
University  [27]  have  estimated  the  theoretical  potential  of  the 
Philippines  for  tidal  in-stream  energy  to  be  ~  200  GW.  Of  which, 
~  40-60  GW  is  practically  extractable.  Research  groups  from  UP’s 
Marine  Science  Institute  and  the  College  of  Engineering  has  begun 
to  work  together  on  developing  ORE  in  the  Philippines  starting 
with  proper  resource  estimates  from  existing  data  to  identify  and 
prioritize  sites  for  development.  Currently,  UP  has  been  awarded  a 
research  grant  from  the  country's  Department  of  Science  and 
Technology  to  look  into  tidal  current  energy  sites  in  the  Philip¬ 
pines  with  the  support  of  the  Department  of  Energy  of  the 
Philippines  [27], 

3.7.  Singapore 

A  macro-level  tidal  in-stream  energy  assessment  in  Singapore 
waters  has  been  done  by  ERI@N  (Energy  Research  Institute  at 
Nanyang  Technological  University)  [63]  using  data  from  TMSI 
(Tropical  Marine  Science  Institute,  Singapore).  Theoretically,  the 
available  Tidal  In-Stream  Energy  (TISE)  potential  of  Singapore  is 
about  3  TW  h  annually.  Technically,  the  extractable  energy  with 
today's  TISE  harvesting  technology  (water-to-wire  efficiency  of 
around  0.3-0.4)  is  about  900-1200  GW  h/yr.  Practically,  the  limit 
of  extractable  energy  from  Singapore  waters  without  damaging 
the  environment  (using  a  Significant  Impact  Factor  of  10-20%)  is 
about  300-600  GW  h  per  yr;  the  actual  values  would  be  based  on 
detailed  resource  assessment  and  sound  environmental  studies. 
600  GWh  is  ~1.5%  of  Singapore’s  electricity  demand  in  2011.  The 
estimated  tidal  in-stream  energy  map  of  Singapore  is  shown  in 
Fig.  8.  On  the  other  hand,  industries  like  Hann-Ocean,  a  solution 
provider  for  platform  and  marine  renewable  energy,  has  currently 
launched  a  containerized  modular  Drakoo  Type-B  wave  energy 
converter  array  (model  Drakoo-B0016, 16  kWp)  [64], 
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Fig.  7.  Potential  ocean  energy  sites  in  the  Philippines  [62]. 
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Fig.  8.  Singapore  Tidal  ln-Stream  Energy  [66]. 


Together  with  the  Technical  University  of  Munich  (TUM) 
CREATE  framework  for  collaboration  in  Singapore,  ER1@N  has 
worked  out  that  a  total  installed  capacity  of  250  MW  tidal  power 
leads  to  achievable  C02  emission  reduction  of  roughly  250  kt/yr 
(or  1.5%)  for  electricity  production  and  the  calculatory  carbon 
abatement  costs  are  about  75  S$/t. 

The  Tropical  Marine  Science  Institute  [65]  of  NUS  is  leading 
hydrodynamic  and  wind  wave  modeling  research  at  the  national 
level.  TMSI  is  building  GIS  data  base  of  bathymetry  and  other 
information  important  for  estimation  of  tidal,  wave,  and  ocean 
energy.  One  theoretical  estimate  from  Nanyang  Environment  and 
Water  Research  Institute  (NEWRI)  at  Nanyang  Technological  Uni¬ 
versity  mentioned  the  energy  potential  from  the  salinity  gradient 
resource  between  saltwater  brine  from  desalination  plants  and 
NEWater  non-potable  waste  water  is  100  G  Wh/yr. 

3.8.  Thailand 

In  Thailand,  there  have  been  research  activities  on  studying 
wave  energy,  including  the  installation  of  an  OCEANOR  SEAWATCH 
system  on  the  Gulf  ofThailand  [15,67],  Although  there  is  a  study  in 
2003  which  concluded  that  there  is  no  potential  for  ocean-derived 
renewable  energy  in  the  country  [68]  different  research  and 
academic  institutes  are  still  in  pursuit  of  studying  ocean  renewable 
potential. 

The  current  direction  of  studies  in  Thailand  is  to  speed  up  the 
identification  of  the  sources  and  the  technology  to  be  applied  for 


tidal  energy.  Some  of  the  academic  institutions  in  the  country  have 
been  active  in  doing  research  on  some  potential  areas  in  Thailand. 
Chulalongkorn  University  (CU)  has  set-up  the  Marine  Research 
Institute  on  the  eastern  side  of  Koh  Sichang.  It  is  a  group  of  islands 
in  the  inner  part  of  the  eastern  seaboard  of  the  Gulf  of  Thailand. 
CU  is  open  to  explore  this  place  in  studying  ocean  renewable 
energy  potential  [69], 

King  Mongkut  University  of  Technology  Thonburi  (KMUTT) 
[70]  has  its  own  institute,  Joint  Graduate  School  of  Energy  and 
Environment  (JGSEE),  which  focuses  on  the  energy  and  environ¬ 
ment  related  studies.  They  have  expertise  on  coastal  ocean 
modeling.  Currently,  JGSEE  has  developed  a  system  of  wave  data 
collection  installed  in  the  upper  Gulf  of  Thailand.  They  also 
pointed  Adaman  Sea  as  another  potential  location  for  harnessing 
ORE  [71],  The  results  of  their  initial  studies  could  be  used  for 
further  research  on  pinpointing  the  suitable  ORE  technology  to  be 
placed  on  these  potential  areas. 

3.9.  Vietnam 

As  early  as  in  1996,  wave  energy  and  tidal  energy  have  been 
considered  as  potential  energy  sources  in  the  country  due  to  its 
wave,  wind  and  geography  conditions  [16,17],  Foreign  investors 
have  already  shown  interest  in  developing  tidal  power  projects 
particularly  in  Binh  Thuan  Province  [16],  There  is  a  total  exploi¬ 
table  tidal  (barrage)  energy  of  1753xl06  kW  h/yr  and  total 
exploitable  capacity  of  5514xl03  kW  [94].  For  wave  energy,  Truong 
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Table  1 

Summary  of  Ocean  Renewable  Energy  data  in  Southeast  Asia'1. 


Country 

Ocean  Renewable  Energy  Potential/resource  data 

Tidal  energy 

Wave 

OTEC 

Salinity  gradient 

Other  data 

Brunei 

Darussalam 

Tidal  Energy: 

335  kW  (theoretical) 

2.08  W/m2  potential  tidal 
current  energy 

Tidal  Barrage: 

0.14  to  0.26  W/m2 

0.66  GW  (theoretical) 

Not  possible  because  the  temperature 
gradient  between  the  top  and  bottom 
layers  of  the  ocean  is  too  small  (1-6.5  °C) 
to  be  utilized. 

No  Data  Available 

Cambodia 

tidal  range  <  1.5  m 

No  Data  Available 

No  Data  Available 

No  Data  Available 

Indonesia 

Tidal  current: 

160  GW  (potential  in 
theory);  22.5  GW  (technical 
potential);4.8  GW  (in 
practice) 

Alas  Strait  having  tidal 
current  energy  potential  of 
641.622  GWh  per  year  (with 
peak  flow:  2  m/s) 

Extractable:  329.299  GWh 
per  yr 

510  GW  (potential  in 
theory);  2  GW  (technical 
potential);  1.2  GW  (in 
practice) 

57  GW  (potential  in  theory);  52  GW 
(technical  potential);  43  GW  (in  practice) 
AT  at:  600  m-23.18  °C,  800  m-24.73  °C, 
1000  m-25.46  C 

No  Data  Available 

potential  ocean 
energy  of  10  to 

35  MW  per 
kilometer 

Lao  PDR 

Not  Applicable 

Not  Applicable 

Not  Applicable 

Not  Applicable 

Malaysia 

Tidal  Range: 

2.7-5.3  m 

Tidal  Current: 

14,502  kWh  per  yr 

The  Straits  of  Melacca  with 
average  2  m/s  (4  knots) 

1  m  average  wave  height, 
15  kW  per  meter  of  wave 
front 

2.6-4.6  kW/m  at  the 
northern  sections  of  the 
east  coast  of  peninsular 
Malaysia 

0.5  to  1.5  kW/m  at  the 
southern  sections  of  the 
east  coast  of  peninsular 
Malaysia 

Sabah:  1200  m  depth  is  found  within 

125  km  distance  from  the  shore  and  the 
bottom  temperature  is  about  4  °C  at 

1200  m  water  depth 

No  Data  Available 

Myanmar 

Tidal  Current: 

Yangon  River  has  tidal 
currents  of  4-6  knots  during 
spring  tides 

Tidal  Barrage: 

5-7  m  Tidal  Range  Available 

11.5-23  GW  for  5-10  kW/ 
m  from  2300  km 
shoreline 

Western  Coast  of  Myanmar  is  near  to  deep 
waters  with  depth  greater  than  1  km 

Potential:  35.1-41.58  GW  from 
Irrawaddy  River;  17.42-18.05 
GW  from  Than  Lwin 
(Salween)  River 

Philippines 

Tidal  in-stream: 

1743  TWh/yr  (-200  GW  of 
Power)  Theoretical. 

350  TWh/yr  (-40  GW  to 

60  GW  of  Power)  Practical. 
Tidal  Barrage: 

Tidal  Range  is  between  3  m- 
4  m 

Tidal  current: 

0-3  m/s;  3  TWh/yr 
Extractable:  250  MW  Peak 
Tidal  barrage: 

3  m  tidal  range 

Pacific  side:  33  kW/m/yr 
South  China  Sea  side:  35 
kW/m/yr 

Zambales  Energy  Island:  10  MW  [3] 
Quezon  Wave  Farm:  100  KW  [3] 

Pangasinan  Energy  Island  Plant:  50- 
100  MW 

Davao  Energy  Island  Plant:  50-100  MW 

No  Data  Available 

Total  Ocean 
Energy 

Resource 

Potential: 

170,000  MW 

Singapore 

Low  waves  less  than 

1  meter  (average) 

oceanic  temperature  difference  <  20  °C 
and  water  depth  of  Singapore  waters 
is  <  1  km 

100  GWh/yr 

Thailand 

0.001  ktoe 

0.50  ktoe 

No  Potential 

No  Data  Available 

Vietnam 

Tidal  Energy  (Barrage) 

1753  GWh/yr  (tidal  energy) 

40-411  kW/m  (wave 
energy  flux,  offshore) 

No  Data  Available 

No  Data  Available 

a  This  table  is  a  summary  of  section  3  and  the  corresponding  references  can  be  found  in  section  3. 


Sa  (Khanh  Hoa),  Phu  Quy  (Binh  Thuan),  Cu  Lao  Cham  (Quang 
Nam),  Con  Co  (Quang  Tri),  and  Hon  Me  (Thanh  Hoa)  were 
identified  as  potential  sites  [16], 

Table  1  shows  the  authors'  generated  summary  of  the  collated 
ocean  renewable  energy  data  in  the  region. 


4.  Energy  policies  in  Southeast  Asia 

Although  the  majority  of  the  Southeast  Asian  countries  are  still 
dependent  on  traditional  sources  of  energy,  each  government  is 
striving  to  tackle  the  energy  “trilemma”  as  mentioned  earlier. 
Current  energy  policies  in  the  region  try  to  address  the  ability  to 
effectively  tap  and  deliver  secure  and  stable  energy  sources  while 


ensuring  economic  growth.  At  the  same  time  and  most  impor¬ 
tantly,  energy  policies  are  recently  responding  to  the  increasing 
pressure  of  achieving  environmentally  sustainable  growth  and 
development. 


4.1.  Brunei  Darussalam 

Brunei  Darussalam  has  formulated  the  Brunei  Vision  2035. 
Although  their  energy  policies  are  oil-  and  gas-centric,  they 
formed  government-linked  organizations  like  Brunei  Energy  Asso¬ 
ciation  (BENA),  Energy  Efficiency  Conservation  Committee  (EECC), 
and  Brunei  National  Energy  Research  Institute  (BNER1)  to  look  into 
R&D  on  the  RE  potential  of  the  country  [72],  Ocean  energy-related 
policies  have  not  been  developed  yet  in  Brunei. 
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4.2.  Cambodia 

There  are  no  specific  policies  for  the  development  of  ocean 
renewable  energy  in  Cambodia.  Mainly,  the  government  policies 
are  targeting  the  use  of  renewable  energy  for  the  electrification  of 
their  rural  areas.  They  came  up  with  policies  in  the  Power  Sector 
Strategy  where  RE  is  being  pushed  to  be  part  of  their  energy  mix. 
The  Rural  Electrification  Plan  is  the  RE  framework  of  the  country; 
and  the  Renewable  Electricity  Action  Plan  aims  to  provide  cost- 
effective  and  reliable  electricity  through  the  use  of  RE  technologies 
[73],  Recently,  the  Cambodian  government  created  the  National 
Strategic  Development  Plan  Update  (2009-2013)  which  aims  that 
all  villages  in  the  country  to  have  electricity  by  2020  and  by  2030, 
70%  of  the  total  number  of  households  has  access  to  grid- 
connected  electricity  [74],  The  Green  Growth  Roadmap  and  the 
National  Policy  and  Strategic  Plan  for  Green  Growth  2013-2030 
has  also  been  established  [74,85], 

4.3.  Indonesia 

Ocean  energy  was  included  in  Indonesia's  energy  mix  through 
Act  No.  30  of  2007,  Amendment  of  Presidential  Decree  No.  5  on 
National  Energy  Policy  2006  [75].  The  government  aims  to 
improve  the  exploration  on  ocean  energy  sources,  including  those 
from  tidal  current,  waves  and  ocean  thermal.  The  utilization  of 
ocean  energy  as  alternative  source  of  energy  has  been  further 
emphasized  by  the  government  with  the  creation  of  the  policy  of 
ocean  energy  development  for  electricity  in  Indonesia  (2011).  This 
encourages  strategies  and  legislation  improvements  to  facilitate 
the  development  of  ocean  energy  throughout  the  country  [76], 

As  such,  the  Indonesian  Ocean  Energy  Association  (INOCEAN), 
or  Asosiasi  Energi  Laut  Indonesia  (ASELI)  in  Bahasa  Indonesia,  was 
set  up  to  coordinate  the  efforts  in  developing  ocean  energy  in 
Indonesia.  INOCEAN  has  identified  suitable  sites  for  tidal,  wave 
and  ocean  thermal  as  shown  in  Fig.  5  [75],  Efforts  of  creating  a 
roadmap  for  ORE  by  INOCEAN  have  been  on-going  [77], 

4.4.  Lao  PDR 

In  Lao  PDR,  there  is  no  comprehensive  plan  on  the  develop¬ 
ment  of  renewable  energy  (or  specifically  in  ocean  renewable 
energy)  although  the  government  set  the  RE  share  to  30%  of  the 
total  energy  consumption  and  10%  of  the  total  transport  energy 
consumption  from  biofuels  [78].  The  Rural  Electrification  project 
Phase  1  (REP  1)  was  also  established  to  improve  the  electricity 
sources  for  rural  areas  of  the  country  [79]. 

4.5.  Malaysia 

In  Malaysia,  the  target  is  to  achieve  5%  of  renewable  energy 
contribution  for  the  nation's  electricity,  which  currently  stands  at 
about  1%  [19],  The  Sustainable  Energy  Development  Authority 
(SEDA)  Act  2011  organized  the  SEDA  Authority  which  has  been 
assigned  to  lead  initiatives  in  this  field.  There  are  also  new  Feed-In 
Tariffs  (FIT)  introduced  for  renewable  energy  development  [19], 

On  the  Ocean  Renewable  Energy  front,  the  National  Oceano¬ 
graphy  Directorate  (NOD)  has  also  called  for  national  focal  point 
for  all  oceanographic  and  marine  science  activities  in  Malaysia. 
It  will  provide  leadership  and  policies  in  marine  scientific  research 
and  development  (R&D)  undertaken  within  Malaysian  waters  as 
well  as  facilitate  implementation  of  national  and  inter-governmental 
programs  pertaining  to  marine  science  and  oceanographic  R&D. 
Lastly,  it  will  pioneer  the  drafting  of  ocean  energy  technology 
roadmap  [20]  for  Malaysia  [19]. 


4.6.  Myanmar 

Myanmar's  National  Energy  Policy  is  to  maintain  the  status  of 
energy  independence  of  the  country,  to  promote  wider  use  of  new 
and  renewable  sources  of  energy,  to  promote  energy  efficiency  and 
conservation,  and  to  promote  use  of  alternative  fuels  in  house¬ 
holds  [80],  The  government  has  developed  the  Myanmar  Agenda 
21  which  generally  aims  to  facilitate  the  integration  of  environ¬ 
ment  and  sustainable  development  considerations  [81],  In  January 
2013,  Myanmar  formed  the  National  Energy  Management  Com¬ 
mittee  (NEMC)  and  the  Energy  Development  Committee  (EDC)  for 
ensuring  the  development  of  all  energy  and  electrical  sectors 
under  one  umbrella  [24,82],  In  Myanmar,  about  74%  of  the  total 
population  do  not  have  access  to  electricity  [82],  Organizations 
like  Myanmar  Engineering  Society  (MES)  and  Union  of  Myanmar 
Federation  of  Chambers  of  Commerce  and  Industry  (UMFCCI)  also 
have  activities  related  to  RE  and  small  scale  ORE  Projects  for  rural 
electrification  [80,83], 

4.7.  Philippines 

The  Philippines  has  an  overarching  framework  for  RE  which  is 
the  Renewable  Energy  Act  of  2008  [23],  This  aims  to  accelerate  the 
development  of  the  country's  RE  resources.  In  relation  to  this,  the 
Renewable  Energy  Management  Bureau  was  established  to  serve 
as  the  Department  of  Energy's  lead  unit  in  the  implementation  of 
the  Act.  The  National  Renewable  Energy  Board,  on  the  other  hand, 
created  sub-committees  and  working  groups  to  facilitate  the 
formulation  of  mechanisms,  rules  and  guidelines  on  RPS  (Renew¬ 
able  Portfolio  Standard),  FIT,  Net  Metering,  Green  Energy  Option 
and  RE  Trust  Fund  [28], 

Philippine  Council  for  Industry  and  Energy  Research  and 
Development  (PCIERD)  has  come  up  of  the  ORE  Roadmap  for  the 
Philippines.  The  timeline  is  from  2009  to  2014  and  the  activities 
included  in  the  roadmap  are:  resource  assessment  (marine  cur¬ 
rent),  technology  demonstration  on  marine  current,  international 
collaboration  research  framework  and  techno-scanning  and 
assessment  on  ocean  energy  technologies,  wave,  tidal  and  OTEC. 
This  roadmap  expects  the  following  outputs  in  a  span  of  6  years: 
marine  current  demo  power  plant,  marine  current  resource  map 
and  ocean  energy  technology  demonstration  project  [84], 

In  2011,  the  National  Renewable  Energy  Program  (NREP)  or  the 
“Green  Energy  Roadmap  2011”  which  aims  to  set-up  a  policy, 
program  framework  and  roadmap  for  RE  which  targets  15,304  MW 
installed  RE  capacity  [85]. 

4.8.  Singapore 

In  2009,  Singapore  had  pledged  to  reduce  its  greenhouse  gas 
emissions  (GHG)  by  16%  below  Business-as-Usual  (BAU)  scenario 
in  2020  when  a  global  agreement  is  achieved  [86],  Nonetheless, 
Singapore  has  embarked  on  energy  efficiency  measures,  as  a  key 
thrust,  to  reduce  emissions  from  7%  to  11%  below  2020  BAU  levels 
[87].  Although  at  the  national  level,  there  has  been  no  policy  yet 
on  ORE,  universities  and  energy  institutions  have  continuously 
been  studying  the  country’s  potential  for  ORE  specifically  on  Tidal 
In-Stream  Energy  [88,89], 

In  Singapore,  there  has  been  rapid  development  in  terms  of 
marine  renewable  energy-related  activities.  Last  October  2013,  dur¬ 
ing  the  Singapore  International  Energy  Week,  the  Energy  Market 
Authority  organized  a  round  table  discussion  for  ORE.  Recently, 
European  Marine  Energy  Centre  (EMEC)  [90]  has  signed  an  interna¬ 
tional  collaboration  agreement  with  the  Energy  Research  Institute  at 
Nanyang  Technological  University  (ERI@N)  [90],  Furthermore,  a 
competitive  research  grant  call  was  announced  by  the  National 
Research  Foundation  for  the  Energy  Innovation  Research  Programme 
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specifically  focused  on  clean  energy  generation  systems  except  solar 
(e.g.  wind,  marine,  etc.)  [91], 

4.9.  Thailand 

Thailand  has  devised  the  Energy  Conservation  Promotion 
Act  (ENCON)  which  aims  to  establish  a  3-5%  Renewable  Portfolio 
Standard  (RPS)  for  all  new  generating  capacity  installed  [92],  Its 
Alternative  Energy  Development  Plan  (AEDP)  had  categorized  tidal 
wave  (together  with  geothermal  energy)  under  the  New  Energy 
Resources.  Reports  say  that  the  target  for  energy  from  wave  and 
tidal  current  is  at  2  MW;  but  there  has  been  no  power  generation 
at  present  [92,93], 

4.10.  Vietnam 

Vietnam's  target  for  RE  share  in  the  total  national  primary 
energy  consumption  is  5%  for  2020  and  11%  for  2050.  In  the  power 
sector,  the  target  for  RE  share  is  4.5%  by  2030  and  6%  by  2050. 
Although  Vietnam  is  gearing  towards  the  development  of  biofuels, 
research  institutions  and  academic  organizations  still  pursue 
studies  on  the  ORE  potential  of  selected  areas  in  Vietnam. 

Table  2  summarizes  the  ocean  renewable  energy-related  poli¬ 
cies  in  Southeast  Asia. 

5.  Discussion 

5.1.  ORE  resource  and  technology  conditions  for  SEA 

In  this  section,  we  analyze  the  ORE  conditions  in  terms  of 
resource  and  technologies  appropriate  for  this  region  and  compare 
these  conditions  with  what  has  been  found  out  for  other  regions. 
Table  3  shows  general  resource  characteristics  (temporal  variability 
and  predictability)  per  ORE  type  with  the  corresponding  ranking  for 
exploitation.  Most  of  the  global  resources  look  at  the  highly-ranked 
conditions  to  ensure  economic  viability  of  the  technology.  However, 
tropical  regions  such  as  SEA  may  have  more  sites  with  medium- 
ranked  conditions  rather  than  high-ranking  sites. 

Southeast  Asia,  being  a  tropical  region,  has  3  main  conditions 
that  make  it  unique  in  terms  of  ocean  renewable  energy: 

(1)  Resource  (tides,  currents,  waves,  temperature,  and  salinity), 

(2)  Marine  Environment  (e.g.  bathymetry  and  biology),  and 

(3)  Marine  and  Maritime  Activity.  Each  of  these  conditions  is 
discussed  per  ocean  renewable  energy  resource  below. 

In  terms  of  the  tidal  resource,  tides  in  SEA  are  relatively  lower 
in  magnitude  and  are  dominantly  mixed  tides  with  some  excep¬ 
tions  in  some  locations.  The  SEA  region  has  on  the  average  2-3  m 
of  tidal  difference  (except  Myanmar  having  5-7  m  tidal  range) 
which  makes  tidal  barrages  not  that  attractive  in  terms  of 
economics.  Also,  tidal  barrages  have  had  negative  environmental 
impacts  associated  with  it  (since  water  and  sediments  -  including 
some  nutrients  -  is  somewhat  trapped  artificially  into  a  ‘bay’). 
Each  tidal  barrage  needs  its  own  environmental  impact  study. 
Furthermore,  many  aquaculture-related  activities  and  marine 
protected  areas  are  located  in  the  potential  sites.  These  issues 
may  be  hindrances  to  technology  adoption  and  the  region  might 
opt  to  look  into  other  options  first  before  considering  tidal 
barrage-based  ocean  energy  generation. 

Because  tidal  heights  are  not  that  high,  the  currents,  therefore, 
are  also  not  that  strong  in  terms  of  absolute  peaks  except  for 
locations  that  have  the  oceans  (e.g.  Pacific  Ocean,  and  Indian 
Ocean)  ‘pushing’  the  water  into  the  seas  of  countries  such  as  the 
Philippines  and  Indonesia.  Typical  currents,  comprising  around 
60-80%  of  the  region,  have  an  average  speed  of  1-2  m/s.  Technol¬ 
ogies  being  developed  in  the  northern  hemisphere  (Europe, 


Canada,  and  America)  are  tuned  to  higher  rated  speeds.  There  is 
a  need  to  tweak  the  technology  to  suit  tropical  conditions  includ¬ 
ing  resource  characteristics  and  environmental  intricacies.  Seabed 
bathymetries  in  SEA  are  not  that  flat  and  the  slopes  are  steep  even 
close  to  shore.  Therefore,  deployment  and  installations  for  SEA 
waters  must  consider  various  appropriate/suitable  methods  and 
technologies  for  these  conditions.  The  industry  also  has  to  keep  in 
mind  other  stakeholders  who  are  users  of  the  marine  space  such 
as  fishermen,  leisure  groups,  and  transport.  In  SEA,  the  maritime 
industry  in  a  lot  of  the  rural  areas  is  not  that  well-regulated  thus 
posing  some  possible  security  risks. 

Cood  wave  resource  (Hs>l  m)  are  primarily  found  in  areas 
with  exposure  to  the  seas  and  oceans  (e.g.  The  Philippines, 
Indonesia,  Malaysia,  Vietnam,  Thailand,  Myanmar).  Wave  Energy 
conversion  devices  have  also  been  developed  in  the  region.  Of 
notable  merit  are  the  prototypes  that  were  developed  deployed  in 
Malaysia  and  Indonesia  by  respective  local  groups.  Wave  Energy 
extraction  makes  sense  for  locations  that  have  been  known  as 
surfing  sites  in  SEA.  The  development  possibilities,  however,  must 
be  taken  with  a  grain  of  salt,  since  some  of  these  wave  energy 
locations  are  also  affected  by  typhoons  and  storms. 

Ocean  Thermal  Energy  Conversion  (OTEC)  resource  (i.e.  tempera¬ 
ture  difference  of  at  least  20  °C)  is  available  almost  all  over  the  SEA 
region  except  in  locations  where  the  waters  are  too  shallow  (i.e. 
Depth  <  200  m,  e.g.  Singapore).  OTEC  is  thus  one  of  the  more  lower- 
hanging  fruits  in  terms  of  resource.  The  issue  with  OTEC  in  SEA  is  that 
the  locations  may  be  prone  to  typhoons  and  storms,  so  bulk  of  the 
power  plant  needs  to  be  located  on  shore,  which  then  thus  entails 
longer  intake  pipes  to  get  the  cold  water  from  below  the  sea.  There  is 
some  talk  of  ship-based  OTEC  or  OTEC  barges  that  would  produce 
hydrogen  and  store  them  for  transport  instead  of  having  electricity 
brought  to  shore.  Many  projects  are  at  exploratory  stage  now.  Perhaps 
only  2  projects  are  worth  mentioning:  (1)  Philippines  OTEC  Pilot  Plant 
(10  MW)  by  Energy  Island  Bell  Pirie  Ltd.  (UK)  and  (2)  OTEC  Study  in 
Sabah  by  Ocean  Thermal  Energy  Corporation  (USA)  which  had  the 
blessing  of  the  Prime  Minister  of  Malaysia  in  2012. 

Salinity  is  typically  between  31  and  34  psu  and  with  the  abun¬ 
dance  of  fresh  water  tributaries  to  the  sea  or  river-to-sea  estuaries. 
Salinity  Gradient  Power  may  have  a  lot  of  options  in  terms  of  locations 
in  SEA  but  the  technology  is  still  in  the  development  and  demonstra¬ 
tion  stages  in  terms  of  readiness.  When  Salinity  gradient-based  power 
does  mature,  there  are  also  issues  that  have  to  do  with  the  local 
environment  (especially  if  salinity  levels  have  some  form  of  environ¬ 
mental  impact  associated  with  it). 

In  summary,  comparing  the  conditions  in  Southeast  Asia  and  the 
global  playing  field,  SEA  should  be  treated  as  a  region  with  great 
potential  for  ocean  renewable  energy  development  but  harnessing  the 
resource  will  entail  some  technology  adaptation  steps  to  suit  the 
tropical  waters  of  the  region. 

5.2.  Comparison  of  ORE  policies  between  SEA  and  the  rest 
of  the  world 

On  the  policy  side,  different  tools  are  used  by  governments 
to  increase  the  uptake  of  ocean  renewable  energy  in  their  own 
country.  Most  of  the  ORE  policies  are  placed  under  the  umbrella  of 
a  general  renewable  energy  policy  framework,  however  even  with 
the  presence  of  an  RE  policy,  this  does  not  guarantee  that  ORE 
development  is  expected.  There  are  certain  specific  policy  tools 
that  a  country  could  consider  in  encouraging  the  push  for  ocean 
renewables. 

Fig.  9  shows  the  development  indicators  of  ORE  per  region.  The 
three  main  policy  sectors  that  need  to  be  focused  on  for  the 
advancement  of  ORE  development  are:  (1)  regulatory  policies  and 
existence  of  targets,  (2)  fiscal  incentives  and  (3)  public  financing 
[96],  All  the  regions  have  at  least  an  established  roadmap  of  RE 
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Table  2 

Summary  of  Renewable/Ocean  renewable  energy-related  Policies  in  SEA  regiona. 


Country  National  plan/government  strategy  plan  for  RE/ORE 


Brief  description 


Brunei  Brunei  Vision  2035  (Report  on  Brunei  Darussalam) 

Darussalam 

Government  recognizes  the  fact  there  is  need  for  preservation,  conservation 
and  efficient  use  of  energy 
Cambodia  Power  Sector  Strategy  (1999-2016) 

Rural  Electrification  Action  Plan  by  Renewable  Energy  Policy 

Renewable  Electricity  Action  Plan  2002-20122002-2012  (REAP) 

National  Strategic  Development  Plan  Update  2009-2013 


Economy's  major  goal  for  the  next  three  decades  is  economic 
diversification,  along  with  strengthening  of  the  oil  and  gas  sector. 
Formation  of  Brunei  Energy  Association  (BEna)  and  Energy  Efficiency 
Conservation  Committee  (EECC)  (Report  on  Brunei  Darussalam) 

Electric  Strategy,  Renewable  Energy,  Power  Sector,  and  Wood  Energy 
Strategy 

Enabling  framework  for  renewable  energy  technologies  to  increase  access 
to  electricity  in  rural  areas. 

Aims  to  provide  cost-effective  and  reliable  electrification  of  rural 
communities  through  renewable  energy  technologies 
Aims  that  by  2020,  all  villages  in  the  country  have  access  to  electricity  and 
by  2030,  70  percent  of  the  total  households  has  access  to  grid  electricity 
Green  Growth  Roadmap  and  the  National  Policy  and  Strategic  Plan  for 
Green  Growth  2013-2030 


Indonesia 


Lao  PDR 


Malaysia 


Myanmar 


Philippines 


Singapore 


Thailand 


Presidential  Decree  in  2006 

Act  No.  30  of  2007,  Amendment  of  Presidential  Decree  No.5  on  National 
Energy  Policy  2006 


Indonesian  Ocean  Energy  Association  (INOCEAN),  or  Asosiasi  Energi  Laut 
Indonesia  (ASELI) 

No  comprehensive  RE  Policy 


Renewable  Energy  Development  Strategy 
Rural  electrification  project  phase  1  (REP  I) 


New  RE  Policy 

Sustainable  Energy  Development  Authority  (SEDA)  Act  2011 


Renewable  Energy  Act  2011 


National  Oceanography  Directorate  (NOD) 


National  Energy  Policy  of  Myanmar 


Myanmar  Agenda  21 

National  Energy  Management  Committee  (NEMC) 
Renewable  Energy  Act  of  2008 


Renewable  Energy  Management  Bureau 
National  Renewable  Energy  Board 


National  Renewable  Energy  Program  (NREP)  or  the  “Green  Energy  Roadmap 
2011” 

Clean  Energy  Program  Office  (CEPO),  Clean  Energy  Research  Program  (CERP), 
Experimental  Power  Grid  Center  (EPGC),  Market  Development  Fund  (MDF) 
and  Clean  Energy  Research  and  Testbedding  Program  (CERT) 

Energy  Efficiency  Program  Office  (E2PO) 

Sustainable  Development  Blueprint 

ENCON  (Energy  Conservation  Promotion  Act) 


Ocean  energy  was  included  into  the  mix  in  2007;  aims  to  improve  the 
ability  on  research  and  development  in  the  field  of  ocean  energy  to  be 
economically  utilized 

Supports  the  enhancement  of  national  capacity  to  increase  the  energy 
utilization  of  currents,  waves  and  ocean  water  temperature  differences, 
both  industrial  and  domestic  scale  throughout  Indonesia  potential  marine 
areas. 

To  co-ordinate  the  efforts  in  developing  ocean  energy  in  Indonesia 

30%  RE  Share  of  total  energy  consumption;  10%  of  the  total  transport 
energy  consumption  from  biofuels  (Renewable  Energy  Development 
Strategy  in  Lao  PDR) 

Aims  to  increase  share  of  RE  by  30%  of  the  total  energy  consumption 
Improved  the  electricity  from  16%  in  1995  to  63%  in  2009,  provide  grid 
connected  and  off-grid  electricity  for  40,000  rural  household  during 
4  years 

Targeted  5%  (2011)  RE  contribution  for  electricity,  achieved  about  1% 
Legislation,  enforcement  and  incentive  were  approved  in  2011. 

An  Act  to  provide  for  the  establishment  of  the  Sustainable  Energy 
Development  Authority  (SEDA)  of  Malaysia  and  to  provide  for  its  functions 
and  powers  and  for  related  matters. 

To  provide  for  the  establishment  and  implementation  of  a  special  tariff 
system  to  catalyze  the  generation  of  renewable  energy  and  to  provide  for 
related  matters. 

National  focal  point  for  all  oceanographic  and  marine  science  activities 
Provides  leadership  and  policies  in  marine  scientific  research  and 
development  (R&D)  undertaken  within  Malaysian  waters  Facilitate 
implementation  of  national  and  intergovernmental  program  pertaining  to 
marine  science  and  oceanographic  R&D  Draft  ocean  energy  technology 
roadmap 

To  maintain  the  status  of  energy  independence  of  the  country,  to  promote 
wider  use  of  new  and  renewable  sources  of  energy,  to  promote  energy 
efficiency  and  conservation,  and  to  promote  use  of  alternative  fuels  in 
household 

General  aim  of  facilitating  the  integration  of  environmental  and 
sustainable  development  consideration 

With  objective  of  integrating  diversified  energy  and  related  fields  under 
one  umbrella 

Aims  to  accelerate  the  development  of  the  country's  renewable  energy 
resources  by  providing  fiscal  and  non-fiscal  incentives  to  private  sector 
investors  and  equipment  manufacturers/fabricators/suppliers 
Department  of  Energy's  lead  unit  in  the  implementation  of  the  Acts 
Created  sub-committees  and  working  groups  to  facilitate  the  formulation 
of  mechanisms,  rules  and  guidelines  on  RPS,  FIT,  Net  Metering,  Green 
Energy  Option  and  RE  Trust  Fund 

Sets  up  a  policy,  program  framework  and  roadmap  for  RE  which  targets 
15,304  MW  installed  RE  capacity 

The  Government  at  the  national  level  also  has  initiated  the  development  of 
REs  by  building  energy  R&D  infrastructure  and  test-bedding  platforms, 
establishing  energy  R&D  programmes  and  putting  strategic  energy  R&D 
funding  in  place 

Promotes  energy  efficiency  in  the  various  sectors  through  the  Energy 
Efficient  Singapore  (E2  Singapore)  policies  and  measures. 

Sets  a  target  to  reduce  energy  intensity  (per  dollar  GDP)  by  20%  from  2005 
levels  by  2020,  and  by  35%  from  2005  levels  by  2030 
Aims  to  establish  a  3-5%  Renewable  Portfolio  Standard  (RPS)  for  all  new 
generating  capacity  installed,  and  the  targeted  share  for  renewable  power 
generation  has  been  proposed  at  6%  of  total  generating  capacity  by  2011 
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Table  2  ( continued ) 


Country  National  plan/government  strategy  plan  for  RE/ORE 


Brief  description 


Small  Power  Produces  (SPP)  and  Very  Small  Power  Producer 

Alternative  Energy  Development  Plan  (AEDP) 

Vietnam  Vietnam  Master  Plan  no.  6  for  national  energy  development 
Development  of  biofuels  in  Vietnam  with  a  vision  to  2015 
Vietnam  Master  Plan  no.  7  for  national  energy  development 


Launched  to  support  renewable  electricity  production  from  biogas, 
biomass,  municipal  solid  waste  (MSW),  wind,  solar,  and  other  renewable 
energy  sources. 

Categorized  tidal  wave  under  the  New  Energy  resources  (together  with 
geothermal). 

Share  of  RE  in  the  total  national  primary  energy  consumption:  5%  (2020), 
11%  (2050)  Establishment  of  RE  development  fund 
Ethanol  and  vegetable  oil  production:  250  thousand  tons  (2015),  1.8  mili. 
tons  (2025) 

Share  of  RE  in  power  sector:  4.5%  (2030),  6%  (2050)  By  2020,  600  thousand 
households  will  be  supplied  with  electricity  from  RE. 


a  This  table  is  a  summary  of  section  4  and  the  corresponding  references  can  be  found  in  section  4. 


Table  3 

a  ORE  Resource  and  Technology  Categories  and  criteria  applied  by  Hammar  et  al.  [95], 


Wave  power 

Ocean  Thermal  Energy 
Conversion  (OTEC) 

Tidal  barrages 

Tidal  In-Stream  Energy 
(tidal  current  turbines) 

Temporal  variability 

Daily  and  seasonal 

Seasonal 

Hourly  and  weekly 

Hourly  and  weekly 

Predictability 

Ranking 

Moderate 

High 

High 

High 

High 

>  25  kW  m~’ 

>  20A T,  <  5  km 

>  5  m  mean  tidal  range 

>  2  m  s-1  peak  speed 

Medium 

15-25  kW  m~' 

>  20A T,  <  10  km 

2.4-5  m  mean  tidal  range 

>  1.5  m  s-1  peak  speed 

a  Temporal  variability,  predictability,  and  ranking  criteria  refer  to  annual  means  if  not  specified  otherwise. 
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Fig.  9.  Development  indicators  of  ORE  per  region  [8,96,97]. 
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which  includes  specific  targets  for  ocean  renewables.  For  example, 
countries  like  Ireland  has  a  Refit  tariff  of  €220  MW  for  wave  and 
tidal.  Belgium,  on  the  other  hand,  implements  Tradable  Green 
Certificates  to  support  RE  production.  Every  RE  technology  being 
proposed  will  be  analyzed  by  a  stakeholder  to  know  the  level  of 
support  to  be  given.  There  are  also  fiscal  incentives  available  for 
countries  to  be  utilized.  In  the  United  States,  they  have  cost- 
reduction  schemes  like  the  marine  and  hydrokinetic  (MHK)  cost 
reduction  goal  of  12-15  cents  per  kWh  by  2030.  In  North  and 
South  Asia  and  Australia,  they  make  use  of  public  financing  tools  in 
securing  funding  for  the  development  of  ORE  technologies.  South 
Korea  government  agencies  like  Ministry  of  Oceans  and  Fisheries 
and  Ministry  of  Trade,  Industry  and  Energy  lead  the  public  funding 
for  ORE  RD&D  program  (e.g.  support  mainly  on  demonstration 
projects)  [97], 

Although  most  of  the  countries  in  Southeast  Asia  are  already 
engaged  in  ocean  renewable  energy  R&D,  there  is  still  a  challenge 
of  resource  assessment  in  the  region.  Indonesia,  Malaysia  and 
Singapore  are  relatively  developed  in  terms  of  their  R&D  on  ORE 
while  Brunei  has  yet  to  start  exploring  ORE  as  a  possible  alter¬ 
native  renewable  energy  other  than  wind.  For  the  others,  the  lack 
of  resource  assessment  is  because  of  the  lack  of  access  to  right 
information  and  expertise  in  studying  ocean  renewable  energy 
(e.g.  financial  resources  to  support  local  R&D).  Thailand  could  have 
the  expertise  on  ocean  energy  modeling  but  the  technology 
demonstrations  of  ORE  converter  designs  and  models  are  still 
required  to  be  developed  and  tested.  For  some  countries,  ocean 
renewable  energy  is  not  a  priority  due  to  the  lack  of  available  data 
for  further  studies. 

On  the  national  level,  the  dilemma  lies  on  the  enabling  policies  for 
ocean  renewable  energy,  and  for  other  renewable  energy  sources  as 
well.  Different  countries  in  the  region  vary  in  the  level  of  “policy  push” 
for  ocean  renewable  energy  or  even  for  renewable  energy  in  general. 
Lao  PDR,  Cambodia  and  Brunei  Darussalam  are  among  the  Southeast 
Asian  countries  which  have  no  comprehensive  plan  on  renewable 
energy;  however,  their  national  governments  have  created  other 
policies  that  enable  the  usage  of  renewable  energy  in  their  country. 
Vietnam,  Thailand,  Myanmar,  Singapore  and  Philippines  all  have  the 
enabling  national  policy  framework  for  renewable  energy  but  policies 
specifically  catering  to  ocean  renewables  have  yet  to  be  developed. 
Among  the  Southeast  Asian  countries,  Indonesia,  Philippines  and 
Malaysia  have  the  most  concrete  policies  on  ocean  renewable  energy 
development. 


Although  it  can  be  said  that  there  are  available  data  to  study  the 
potential  of  ocean  energy,  the  further  development  of  ocean  renew¬ 
ables  from  R&D  to  commercialization  is  still  a  work-in-progress. 
Some  Southeast  Asian  countries  already  have  concrete  plans  and 
policies  for  ocean  renewables.  Some  are  on  their  R&D  stage  and/or 
still  pushing  for  inclusion  of  ocean  renewables  in  their  renewable 
energy  national  plan.  For  few,  they  are  still  on  the  nascent  stage  of 
studying  the  data  from  their  ocean.  Table  4  is  a  summary  of  the  level 
of  each  Southeast  Asian  country  in  terms  of  R&D,  resource  assess¬ 
ment,  technology,  policy  existence  and  existence  of  ocean  renewable 
energy  roadmap.  These  are  based  from  the  collated  data  (i.e. 
summary  tables  of  the  ocean  renewable  energy  potential  and  the 
ORE-related  policies  above).  These  collated  data  are  not  exhaustive. 

Table  4  categorizes  each  country  into  four  stages  of 
development 

1 )  Existence  of  works 

2)  Developing 

3)  Early  Efforts 

4)  Yet  to  be  Developed 


For  example,  the  resource  assessment  has  been  divided  into 
different  types  of  ocean  renewable  energy  (tidal  current,  tidal 
barrage,  wave,  OTEC  and  salinity  gradient).  In  this  area,  Malaysia  is 
relatively  developed  in  terms  of  resource  assessment.  Malaysian 
studies  on  ORE  have  already  included  potential  locations  for  tidal 
current,  barrage,  wave  and  OTEC.  Indonesian  ORE  studies  are  also 
similar  -  INOCEAN  has  already  identified  location  maps  of  ORE 
in  Indonesia.  Some  countries  like  Philippines  and  Singapore  have 
nascent  development  in  terms  of  resource  assessment  of  ORE.  ORE 
studies  in  these  countries  have  already  given  estimated  energy 
that  could  be  generated  from  ocean. 

In  technology  development,  most  of  the  SEA  countries  are  on 
its  developing  stage.  Most  of  the  countries  are  on  its  prototyping 
stage  and  deployment  in  smaller  scale.  In  terms  of  policies  and 
roadmaps,  governments  in  SEA  have  yet  to  see  ORE  as  alternative 
source  of  energy;  with  the  exception  of  Philippines  which  already 
has  an  existing  ORE  Roadmap. 

As  a  region,  the  International  Energy  Agency  indicated  that 
there  are  both  economic  and  non-economic  barriers  in  deploying 
renewable  energy  in  Southeast  Asia  in  general.  Although  it  has 
improved  in  recent  years,  the  environment  for  investment  and 


Table  4 

Development  matrix  of  Ocean  Renewable  Energy  in  Southeast  Asia. 


Country 

Research  & 
Development 

Resource  Assessment 

Technology 

Development 

Policy 

Existence 

Existence  of 
Roadmap 

Tidal  Current 

Tidal 

Barrage 

Wave 

OTEC 

Salinity 

Gradient 

Brunei 

Legend  Level  of  Activity/Development 


Existence  of  Works 

Developing 

Early  Efforts 

3 

Yet  to  be  Developed 
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Relevant  Significant  V.S. 


Note:  Barriers  are  deemed  Relevant,  Significant  or  Very  Significant  (V.S.)  based  on  survey  results. 

Key  point:  Technical/infrastructure  barriers  (including  gird-related  barriers)  rank  highest  in 
obstacles  identified  in  ASEAN  countries,  followed  by  administrative  and  market-related  hurdles. 


Fig.  10.  Non-economic  barriers  in  selected  ASEAN  countries  in  deploying  renewable  energy  in  the  region  (13). 


Legend: 

TIB 

Technical/Infrastructure  barriers 

ARB 

Administrative  and  regulatory  barriers 

FB 

Financing  barriers 

MB 

Market  Barriers 

SCB 

Socio-cultural  barriers 

financing  for  renewables  in  ASEAN-6  (Indonesia,  Malaysia,  Philip¬ 
pines,  Singapore,  Thailand  and  Vietnam)  “still  fall  short  of  those 
required  to  achieve  a  low-carbon  energy  revolution”  [13].  This 
situation  is  said  to  be  partly  caused  by  non-economic  challenges 
that  the  region  has  to  face.  Few  of  these  are  infrastructure  and 
grid-related  problems  and  regulatory  and  administrative  hurdles. 
According  to  a  survey  discussed  in  the  IEA  study,  the  following  are 
the  perceived  risks  that  potential  investors  have  in  the  region: 
legal  security,  negative  policy  changes  affecting  renewables,  main 
financial  support,  and  total  revenues  received  [13], 

There  are  measures  that  could  help  eliminate  these  existing 
non-economic  barriers  but  as  the  IEA  recommended,  they  mostly 
require  coordination  among  all  major  stakeholders.  The  key  to 
encourage  well-targeted  investment  not  only  in  ocean  renewable 
energy  but  in  renewable  energy  in  general,  is  to  “implement 
effective  and  coherent  renewable  energy  policies  with  a  long¬ 
term  strategic  perspective.”  [13] 

Fig.  10  shows  the  IEA  table  on  the  ranking  of  non-economic 
barriers  in  selected  ASEAN  countries  in  deploying  renewable 
energy  in  the  region. 

5.3.  The  ASEAN  energy  cooperation 

The  ASEAN  continuously  tries  to  foster  energy  cooperation 
among  its  member  countries  as  a  means  of  facing  the  barriers 
and  challenges  in  providing  energy  security  in  the  region.  Efforts 
have  been  made  in  promoting  energy  conservation  and  encoura¬ 
ging  the  use  of  renewable  energy  in  the  region. 


Some  of  the  plans  that  they  have  discussed  are  the  following:  the 
inter-connection  of  ASEAN  electricity  grid;  and  the  creation  of  HAPUA 
(Heads  of  ASEAN  Power  Utilities/Authorities)  in  1981  to  formulate  the 
ASEAN  Power  Grid.  These  take  into  account  the  Trans  ASEAN  Gas 
Pipeline  (TAGP)  Plan  and  other  resources  (hydro  in  particular)  within 
the  region.  Other  projects  involve  ASEAN  Vision  2020,  ASEAN  Five- 
Year  Plans  which  also  highlights  the  Renewable  Energy  Utilization 
among  the  countries  in  the  region  [9,98,99], 

Despite  several  initiatives  to  start  cooperation  projects,  the 
road  to  developing  these  “has  been  quite  slow,  due  to  financial 
constraints,  technical  difficulties,  differences  in  the  industry  reg¬ 
ulatory  frameworks  among  ASEAN  countries,  and  some  other 
factors.”  As  in  any  international  relations,  “energy  cooperation 
within  ASEAN  is  challenged  by  its  individual  member's  energy 
priorities,  bilateral  trade  partners  and  development  dynamics 
beyond  the  borders”  [98], 

Furthermore,  not  only  economic  factors  are  seen  to  be  barriers 
to  strengthen  the  cooperation  in  the  region.  Political  factors  such 
as  “faster  development  of  other  regions  (including  neighbors, 
Northern  Asia  and  India),  cross  border  disputes,  and  internal 
rivalry  are  also  things  to  be  considered  when  assessing  whether 
ASEAN  countries  would  maintain  its  goal  for  energy  cooperation 
[98]. 

However,  for  countries  in  Southeast  Asia  to  deploy  and  develop 
ocean  renewable  energy,  they  must  first  address  a  number  of 
issues,  namely,  (1)  the  lack  of  information  about  ocean  renewable 
energy  potential,  (2)  the  lack  of  local  expertise  and  capacity 
building,  (3)  the  need  to  develop  local  technologies,  and  (4)  the 
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absence  of  policies  to  support  the  deployment  and  development  of 
ocean  renewable  energy. 

In  summary,  the  uptake  of  ocean  renewable  energy  in  South¬ 
east  Asia  is  a  reachable  goal.  Taken  with  a  grain  of  salt,  there  are 
technical,  political  and  both  economic  and  non-economic  barriers 
that  still  hinder  its  development  in  the  region. 


6.  Conclusions  and  recommendations 

This  paper  discusses  the  need  of  the  region  to  continuously 
search  for  alternative  source  of  energy  instead  of  relying  on  oil  and 
gas.  Specifically,  this  study  looks  at  the  current  status  of  ocean 
renewable  energy  in  the  Southeast  Asian  region  as  potential 
source  of  renewable  energy.  It  proves  that  there  is  a  potential  for 
ocean  renewable  energy  in  the  region  based  from  the  primary  and 
secondary  data  gathered  for  this  research.  The  collated  data  are 
useful  in  preliminary  resource  assessment  of  the  region. 

The  potential,  however,  varies  from  one  country  to  another.  The 
difference  in  potential  can  be  attributed  to  how  much  information 
is  available  or  has  been  gathered.  For  instance,  countries  like 
Indonesia,  Malaysia,  the  Philippines,  and  Singapore  have  gone  as 
far  as  deploying  wave  energy  devices  in  their  waters.  In  countries 
like  Thailand,  Vietnam,  Brunei,  and  Myanmar,  there  are  available 
tidal  current,  tidal  barrage,  wave,  and  ocean  thermal  energy 
conversion  (OTEC)  data  but  actual  prototyping  and  deployment 
have  yet  to  be  done. 

While  R&D  for  ocean  renewables  is  present  in  the  region,  there 
is  a  need  to  address  the  huge  challenge  of  resource  assessment. 
Conducting  resource  assessment  is  crucial  for  countries  in  South¬ 
east  Asia  to  fully  harness  and  utilize  their  ocean  renewable  energy 
potential. 

As  a  whole,  the  region  remains  low  in  achieving  its  targets  for  a 
low-carbon  future.  An  International  Energy  Association  (IEA)  study 
in  2007  [13]  has  shown  that  in  Southeast  Asia,  both  economic  and 
noneconomic  barriers  play  a  role  in  discouraging  foreign  invest¬ 
ments  in  renewable  energy.  Infrastructure,  which  encompasses 
policies,  legal  security,  and  coordination  among  government 
stakeholders  with  regard  to  investments,  among  others,  has  been 
identified  as  a  major  barrier.  Potential  investors  consider  a  weak 
infrastructure  as  a  risk  and  thus,  countries  with  weak  infrastruc¬ 
tures  are  less  likely  to  attract  foreign  investments  [13]. 

Thus,  existing  economic  and  noneconomic  barriers  should  be 
taken  into  account  in  order  to  optimize  and  maximize  the  full 
potential  of  ocean  renewable  energy  in  the  region.  Coordination 
among  all  major  stakeholders  (e.g.,  academic  institutions,  industry 
players,  policymakers)  and  implementation  of  effective  and  coher¬ 
ent  renewable  energy  policies  with  a  long-term  strategic  perspec¬ 
tive  are  the  first  key  steps  in  addressing  the  barriers. 

Ocean  renewable  energy  experts  from  different  academic  and 
research  institutions  are  continuously  studying  the  potential  of 
ORE  by  conducting  research,  workshops  and  seminars  locally  and 
across  the  region.  Perhaps  these  studies  and  activities  could  be 
made  larger  on  a  regional  scale  by  providing  a  platform  for 
exchange  of  status,  plans,  ideas,  initiatives,  and  experiences  among 
different  ocean  renewable  energy-related  stakeholders  (academic 
institutions,  industry  players  and  most  especially  policy-makers) 
to  set,  assist,  augment,  or  facilitate  standards  for  ocean  renewable 
energy  in  the  Southeast  Asian  region.  It  is  in  this  spirit  that  the 
Southeast  Asian  Collaboration  for  Ocean  Renewable  Energy  (SEA- 
cORE)  was  formed.  SEAcORE's  mission,  basically,  is  to  increase  the 
uptake  of  ocean  renewables  in  Southeast  Asia.  This  platform  would 
also  be  a  means  of  addressing  the  challenges  (e.g.  coordination 
problem  across  levels  of  R&D,  policy-making,  and  implementation 
to  commercial  scale)  that  ocean  renewable  energy  in  the  Southeast 
Asian  region  faces. 
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